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Abstract 
This dissertation was written as part of the MSc in Strategic Product Design at the In-
ternational Hellenic University. The purpose is the procedure of research and devel-
opment of an oxygen pressure regulator. This regulator is designed for medical use in 
oxygen production centers. Oxygen production centers produce oxygen in high pres-
sure that needs to be defused. In the beginning of the design procedure, is taking place 
an introduction in Pressure Regulators. This contains, the definition, the basic ele-
ments, the operating principles and the classification of the markets’ pressure regula-
tors. Later follows the general sizing guidelines and the important calculations that had 
to be made.  
After comprehending the theory and researching the market, the development proce-
dure starts. The Regulator is designed and simulations take place by using Solidworks 
from Dassault Systems in order optimize the design of the regulator. More specific, it is 
made a stress test of the main body of the regulator, as well as, flow analysis to de-
termine some important flow characteristics in the inlet and outlet of the regulator. 
After the simulations, the first prototype is constructed and real tests take place (hy-
drostatic test, pressure reduce and flow test) in order to complete the conceptual de-
sign procedure. 
In the end the thesis ends up on some conclusions for the technical characteristics of 
the regulator, as well as, proposals for further research and development.   
 
 
 
 
Asterios Kosmaras 
25/02/2017
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1.  Dissertation’s Structure 
The dissertation project is analyzed in 7 main chapters in order to explain to the reader 
in detail, the procedure of developing a Pressure Regulator. 
The present chapter presents the dissertation’s structure. 
The 2nd chapter introduces the reader to the regulator definition, the operating princi-
ples and the basic elements that is consisted of. 
The 3rd chapter prescribes the analysis of the operation procedure of the pressure reg-
ulator as the normal working circle. In addition are presented the two different types 
of regulators: Single and Double stage. 
The 4th chapter prescribes the reach around the pressure regulators. 
The 5th chapter prescribes some General sizing guidelines and the important calcula-
tions take place.  
 In the 6th chapter the development procedure starts. The Regulator is designed and it 
is presented to the reader. 
 Later in 7th chapter simulations take place by using Solidworks from Dassault Sys-
temes, in order optimize the design of the regulator. More specific, it is made a stress 
test of the main body of the regulator, as well as, flow analysis in order to determine 
some important flow characteristics in the inlet and outlet of the regulator. 
In 8th chapter, a prototype of the concept was built up in a machinery shop. All the 
parts are assembled together and some real test are take place (hydrostatic test, pres-
sure reduce and flow test) in order to complete the conceptual design procedure. 
In the end the thesis ends up on various conclusions for the technical characteristics of 
the regulator, as well as proposals for further research and development. 
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2.  Introduction in Pressure Regulators 
The following chapter will concentrate on the fundamentals and principles of pressure 
regulators. It will be described how the pressure regulator works, as well as, the basic 
parts of a regulator in general.  
2.1 Operating principles of a Pressure Regulator 
Originally, pressure regulator it is principally a device that is used to reduce higher 
pressures of gasses or liquids to a more usable lower pressure (I.S Sidorenko, G.P She-
monaev, V.I Makhan'kov, 1971). Its main function is to reduce a pressure and to keep 
this pressure as constant as possible while the inlet flow may differ. 
A regulator’s exactitude and prowess in performing its function is determined by the 
combination of the basic regulator components, designed into a specific regulator unit. 
The basic fitments of a regulator designate the regulator’s type sorted for a concrete 
application. Later in this chapter, it will be descanted the three basic parts, common to 
all pressure regulators (G. Liptak, 1995). 
 
 
 
 
 
 
 
 
Picture 2.1   Operating principle of a pressure regulator 
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Essentially the pressure regulator works with an equilibrium of forces in order to re-
duce the pressure of the mean (R. Brasilow, 1989). This equilibrium is presented in the 
picture below. 
 
 
 
 
 
 
 
 
Picture 2.3   Equilibrium forces inside the regulator 
 
2.2   The main components 
The basic components of a regulator are three (B.G. Liptak, 1987): 
- Loading Mechanism 
- Sensing Element 
- Control Element 
- Relief Valve (not necessary applicable) 
 They are presented in the Picture 1.2 bellow.  
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Picture 2.2   Main components 
 
The main duty of every main component is presented on the picture below: 
 
 
 
 
 
 
 
 
 
 
Picture 2.4   Duties of main components   
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1) The loading mechanism 
It is used to set the force which determines the outlet (control) pressure of the 
regulator. 
 
2) The Sensing Element 
It is used to normalize the changes in the outlet pressure. It is usually consisted 
of a membrane above a cavity, allowing the regulator to react accordingly to 
these changes in outlet pressure. 
 
3) The control mechanism 
Is used to reduce the inlet pressure, to a lower working pressure and control it 
by increasing or decreasing the orifice area as the control element moves away 
or towards the seat. 
 
2.2.1   Loading Mechanisms 
The first basic element is the Loading Mechanism of a regulator. It is the component 
that is used to set the force which determines the outlet (control) pressure of the 
regulator (E. Shashi Menon, 2005). 
Thus, it is the mechanism that determines what the regulator outlet pressure (P2) will 
be. The loading mechanism procure the force which is conveyed through the Sensing 
element and to the Control element, to control the desired pressure in the outlet. Thus 
it purveys a preload force which establishes the regulated pressure (N Zafera, G. 
Lueckeb, 2008) 
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There are three types of loading mechanisms: 
• Spring Load 
• Dome Load (also called gas or liquid loading) 
• Air Load 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 2.5   Types of Loading Mechanisms 
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a. Spring Load  
In pressure regulators, the most usual loading element is the spring (Picture 2.6). 
The reasons are its dependability and low cost. The power of the force that is ap-
plied by the user on the spring adjusts the spring load. This can be achieved by 
screw or unscrew the regulators spigot. When the spigot is turned clockwise, it 
compresses the spring, until the desired output pressure is achieved on the regula-
tor’s output orifice. The benefit of an adjustable spring by a spigot, is that easy ad-
justment for low outlet pressures can be achieved. 
 
 Pros  
• Relatively small size 
• Not complicated design  
• Adaptability. For different outlet pressures can be used springs of various rates.  
• Relatively low cost. Different spring types sources in the market that makes the 
prices competitive. 
 
Cons 
• When the springs are compressed, spring forces vary. So the load is not uniform. 
 • Delicate on shocks, extreme temperatures and vibration 
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Picture 2.6   Spring Load Mechanism 
 
 
b.   Dome Load 
Dome Load is the second type of loading mechanisms (Picture 2.7). Unlike the spring 
load mechanism, in dome load mechanism the pressure of a gas is used to generate 
the loading force to the regulator. This is accomplished by sealing the dome area to 
prevent leaks and then filling it with gas or liquid that comes from a pilot regulator. 
I dome load mechanisms the pressure adjusts the regulator’s output pressure. The 
pressure of the gas or the liquid inside the dome is almost equal to the regulator out-
put pressure.  
A pilot regulator with capability of ventilation should be used to provide force to the 
load mechanism of a dome loaded regulator. (R. Mooney, 1989). This potentiality is 
important, because allows user to adjust the dome pressure in both increasing and de-
creasing directions. 
9 
 
 
Pros    
• It can be used remote pressure control to avoid dangerous situations (explosions, 
dangerous gases).  
• The pressure can be adjusted when the dome regulator is located in an area difficult 
to reach. 
 • In contrast with a spring loaded mechanism, adjusts outlet pressure more precisely 
when there is flow inside the regulator.  
• Responses faster to pressure alterations 
 
 Cons 
• There is need for two regulators: On for the dome and the one pilot regulator. So the 
cost is grater, as well as, there is need for more space. 
 
 
  
 
 
 
 
 
 
Picture 2.7   Dome Load Mechanism 
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c.   Air Load 
Another loading mechanism is Air Actuated or Air Loaded. There are similarities to 
dome load. For this type of loading mechanism also, the pilot pressure regulator 
should be a venting type in order to allow the user load or unload the regulator. 
The air actuated regulators have the benefit about the pilot pressure source. They al-
low the low pressure regulation. In addition, allow use of Electropneumatic Pressure 
Controller to provide the pilot pressure control as well as closed loop electronic control 
(E. Gill, 1990). 
The primary difference between them is that in this type of loading the ratio between 
the loading force (pilot pressure) and the control pressure is more than 1:1. In addition 
the inert gas is useful only to pilot an air actuated regulator. On the other hand, Dome 
loaded regulators can be piloted with either gas or liquid. To adjust the regulator at the 
appropriate setpoint there is a need for pressure indicator from the control pressure 
side of the regulator. The same happens with a dome loaded regulator.  
Advantages 
 • Procure an important ratio between actuator pressure and media pressure  
• Gives the capability of controlling remotely the pressure in combination with pilot 
regulators.  
• The pressure drop is humble, under dynamic conditions.  
• Permit utilize of facility air in low pressure and low pressure regulation for the pilot 
pressure source. 
 
Disadvantage 
 • There is need for two regulators: On for the dome and the one pilot regulator. So 
the cost is grater, as well as, there is need for more space. 
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2.2.2 Sensing Elements 
The purpose of the sensing element is to absorb alterations in the outlet pressure of 
the regulator (Picture 2.8). The area sensed is located under the sensing element in the 
low pressure chamber of the regulator.  
There are three common types of sensing elements:  
• Diaphragm   
• Piston  
• Bellows  
 
 
 
 
 
 
 
 
 
 
 
 
Picture 2.8    Sensing elements 
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a.   Diaphragm 
The diaphragm as sensing element is quite cheap, sufficient and compatible to almost 
all kind of uses. At first the sensing diaphragms were made from natural rubber. Now 
they have been replaced by elastomers, which are more appropriate for many applica-
tions, in order to improve the compatibility with the wide variety of gases in different 
uses. 
The diaphragm is commonly made from elastomer materials and this provides sensitiv-
ity to pressure changes. 
Some of the elastomers in common use are Buna-N, Viton-A®, and Ethylene Propylene. 
In some occasions the elastomers do not offer media compatibility. In these cases 
metal diaphragms are used instead of them. The most commonly used metal dia-
phragms are 316 Stainless Steel diaphragms. They mostly used in the semiconductor, 
mostly in gas and petroleum regulator markets. Another diaphragm material is El-
giloy®, a cobaltchrome-nickel alloy. It is used for wide temperature swings and high 
cycle life, as well as, a wide range of gases. However, there is a warning for rapture be-
cause of accidentally high pressure. This happens because of the overpressure of the 
underside of the diaphragm in case that something goes wrong in the high-pressure 
chamber. 
The poppet movement needs to be limited because the diaphragm deterioration can 
stimulate the actuating force characteristics. Furthermore, should be considered the 
unstable efficient sensing area of the diaphragm as it flexes. Some metal diaphragms 
have carved rings in order to procure flexing areas and abstract early metal fatigue and 
possible failure.  
There are quite many situations that elastomers fail to procure compatibility with the 
media. In the market, there are more than different 200 metal alloys diaphragms into 
use.  The most commonly used are the Stainless-Steel diaphragms, especially in the 
semiconductor, specialty gas and petroleum regulator markets. Elgiloy, a co-
baltchrome-nickel alloy, is also an excellent diaphragm material for applications with 
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wide temperature swings and high cycle life. It is also compatible with a wide range of 
gases.  
The materials that the diaphragms are made of, are usually the following: Buna-N, El-
giloy®, Ethylene Propylene, Teflon®, Viton-A®, 316 Stainless Steel, Hastelloy®, Gylon®, 
Chemraz®.  
 
Pros  
• Susceptible 
• Low cost 
• Naive 
 • For high toxicity and semiconductor applications 316 Stainless Steel diaphragms are 
quite appropriate 
 • Elgiloy® materials are sufficient for many cycle metal diaphragm uses with many 
temperature alterations. 
 
Cons 
• Fabric reinforced diaphragms are usually porous and may absorb water or other liq-
uids that could have as a result failure of the diaphragm or media infection. 
• Especially metal Diaphragms are not quite accurate for an effective sensing area  
• Especially metal Diaphragms are usually difficult to seal because the lack of elasticity  
• Especially fabric Diaphragms sometimes breach because of pressure alterations 
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b.   Piston Sensing Element 
Whe the pressure in the output is quite high sometimes are preferred the piston sens-
ing mechanismd over the diaphragm sensing mechanisms. The diaphragms are re-
stricted to outlet pressures of 35 bar. However, the piston sensing elements manage to 
adjust outlet pressures up to 1370 bars. This happens mainly because of the structure 
of the piston mechanism. The piston sensing element is robust and appropriate for 
outlet pressures that is usually very high. The piston sensing mechanism consists of a 
sensor backup, sensor and dynamic seals or o-rings (Picture 2.9).  
 
 
 
 
 
 
 
Picture 2.9   Structure of Piston sensing element 
 
The backup of the sensing mechanism is located between the body on the down side 
and the regulator bonnet on the upper side. The movement of the sensor is generally 
the free movement on the o-ring seal in response when the pressure in the outlet is 
changing. It is important to mention that Piston mechanism and diaphragm mecha-
nism have the same result. They are used to ‘’feel’’ the pressure changes in the output 
of the regulator and react to sleek them. Some of the materials generally used for Pis-
ton sensing structures are: Brass, 303 Stainless Steel, 316 Stainless Steel, Hastelloy®, 
Monel, N60, 17-4 Stainless Steel. Although is strong and robust, the piston mechanism 
is not as much sensitive as the others. In contrast with them it can handle more loads 
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and this make it a very good choice when the pressure of the output is more than 40 
bar.  
Pros 
 • High outlet pressures capabilities, up to 1370 bar  
• The effective sensing area of piston is stable 
 
Cons 
• The sensitivity is lower than diaphragms 
• O-rings not suitable for high purity applications 
• O-rings need oiling for accurate pressure control 
 
c.   Bellows Sensing Element 
 
The bellows sensing element are the most precise of the three sensing elements. The 
sensor in this king of sensing mechanisms is larger than in the first two sensing ele-
ments. Bellows have flexing points that have as a result the potentiality for longer 
valve travel with minimum impedance, making its implementation upper than the oth-
er two sensing mechanisms. Besides with the great sensitivity, the cost of these bel-
lows is also very high and especially the stainless steel ones. For this reason, seldom 
are used in regulators unless the application requires ultrahigh precision in outlet pres-
sure. 
Pros 
• The sensitivity is higher than the other mechanisms  
•The valve travel is quite big 
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Cons 
• High cost 
• Limited sources 
 
 
 
 
 
 
 
 
Picture 2.10   Bellows sensing mechanism 
 
2.2.3   Control Mechanism 
 
There are 2 types of Control mechanisms (www.rectus.pl): 
 • The Unbalanced control mechanism  
• The Balanced control mechanism  
The duty of the control mechanism is the diminution of the high pressure in the input 
orifice to a lower exit pressure. The control mechanism is usually mentioned as valve. 
The pressure of the mean (gas or liquid) is cut down by a higher pressure to a lower by 
go through a variable size orifice. The valve has the ability to go up or down in order to 
shorten or widen the orifice and this controls the flow of the mean. 
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A. Not balanced Control Mechanism  
Regarding the Unbalanced control mechanism, seals in one spot. The design of this 
sealing point consists of one coned shape area. The supply pressure and a spring under 
the poppet assists the valve to the closed position. Although, spring’s force is usually 
stable at all times, the valve’s force will increase when the pressurte in the inlet of the 
regulator increases. The orifice size and the supply pressure are 2 of the 3 variables 
that someone by using them can calculate the force that is being applied to the valve 
and tries to close it.  
The Unbalanced control system has a main drawback. It is called the supply pressure 
effect. This provokes variations in the pressure of the exit as the intake pressure tends 
to be unstable. This is mainly important when gas cylinders are used as the pressure 
supply system. 
 
 
 
 
 
 
Picture 2.11  The unbalanced control mechanism 
 
The gas inside the gas cylinders is confine. This has as outcome, a pressure drop in the 
supply pressure of the cylinder as the gas coming out. The result is that the pressure 
on the exit orifice increases. At the same time the pressure on the input decreases. 
The reason of this is the faded input flow of the mean. Every side moves against the 
other. Usually, this is not a big deal. Nevertheless, for applications with unstable input 
pressure that require the pressure in the exit to be stable, the solutions are three.  
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These options are:  
a. A balanced valve system 
b. Two-stage regulator 
c. Two regulators in a series  
 
Advantages  
• Low cost  
• Not complicated design 
• Not difficult to be made  
• Then main force that push the poppet is the inlet pressure 
 
 Disadvantages  
• The orifice sizes are limited 
• The characteristics of the inlet are wilt 
• High pressures applies high forces to the poppet. 
• For high pressures is required for strong materials 
 
B. Balanced Control Element 
The main difference the balanced control element has from the unbalanced control 
element is that it has two sealing points. One of them is identical to the unbalanced 
orifice. The other seal is found close to the finish of the valve stem in the inlet pressure 
zone.  
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 Picture 2.12  The balanced control mechanism 
 
The result of these 2 sealing points is that when closing both ends of the valve the inlet 
pressure cannot affect the poppet to close or open. So the control system is more bal-
anced and accurate in this case, because he affection of the inlet pressure does not put 
extra force on the valve system.  
Another quite big difference between the Unbalanced and Balanced control system 
concentrates on the fact that a balanced valve stem will also have a passageway from 
the outlet pressure area to the opposite side of the sealing of the valve. The reason of 
this is that the outlet pressure it seems to be equal in every side of the valve and the 
poppet stays stable. 
It is important to mention that the balanced valve system is adjusted to have a slightly 
bigger pressure in the intake. The reason of this is that in case of a regulator failure, 
the inlet pressure helps to close the valve tightly. 
 
 Advantages  
• The inlet pressure does not affect much the outlet pressure 
• The seat orifice is large at high pressures 
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 • The flow capability is high 
  
 Disadvantages  
• High manufacturing cost 
 • Difficulties in low flows because of large seats 
 
2.2.4  Relief Valve 
Since the pressure regulator is seeped from high gas pressure, it is very important to 
ensure overpressure protection. The aim of overpressure protection is to keep the 
pressure inside of a regulator at a not dangerous high value (Clifford M., 2005). Safety 
systems are required always in a station of pressure regulators that supplies gas to a 
system with critical allowable working pressure. 
The mainly used methods of overpressure protection, include: 
• Relief Valves  
• Monitors 
• Series Regulation  
• Shutoff  
• Relief Monitor  
 
Relief valves are the most common overpressure protection mechanism. More accu-
rately when regulators set pressure is exceeded, the result will be an immediate open-
ing of the valve that ill relief all the not desirable pressure. The most important thing in 
the design of the relief valve is the ability to handle the full flow of the system to ex-
haust quickly the overpressure and protect the system from serious damage. 
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Overpressure protection can be managed by different type of safety mechanisms. Un-
doubtedly, compromises will have to be made between the bad and good things of 
each overpressure mechanism, which may govern the operating parameters. 
 
3.   Analysis of the operation procedure 
3.1 Normal Working Cycle of a Pressure Regulator 
In this chapter all the parts are putted together and it will be analysed the operation 
procedure of a system that contains a pressure regulator.  
 
 
 
 
 
 
 
 
 
Picture 3.1   All the parts together 
 
Initially, the flow system starts, and it demands a flow, a quantity of gas (or liquid), 
from the regulator (I.S Sidorenko, G.P Shemonaev, V.I Makhan'kov, 1970).  
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When this flow starts, there is an initial drop in the outlet pressure in the outlet flow 
section of the regulator (Picture 2.2).  
 
 
 
 
 
 
Picture 3.2   When the flow starts inside the regulator 
 
When the pressure falls below the initial value the equilibrium of the forces between 
the spring force and the exit pressure force changes and the sensing mechanism is 
moving down to restore it.  
When this happens, the loading spring force is bigger than the exit pressure force. 
When this happens the diaphragm tends to move down because of the bigger loading 
spring force. 
 
 
 
 
 
 
Picture 3.3   Flow is released 
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At the same time the Valve moves down. This effect widens the orifice of the area and 
more flow from the input manages to pass to the exit orifice.  
The more the input pressure drops the more the valve remains open. This happens be-
cause the valve is trying to increase the pressure of the exit to its start-up set value. 
Because the demand for flow is getting bigger, the loading spring cannot manage to 
attain the initial value of pressure. Nevertheless, it will continue to effort to achieve 
the pressure that was adjusted by the spigot as the demand for flow insists. The differ-
ence between the desired set pressure and the real outlet pressure is called DROOP.  
Finally the demand for flow stops when the tap of the regulator is closed. To complete-
ly close a regulator, the internal valve must shut off. This is achieved by turning the 
spigot counter clockwise. The spring stops putting force to the system as it returns to 
its initial state. Then the pressure drained from the regulator and the knob is turned 
counter-clockwise. The closing pressure is called LOCK UP. It is important to mention 
that the regulator is not a shut-off device for flow, for this reason it should not be used 
in a system as such. 
 
3.2   Single stage regulator 
The regulators that reduce the initial high pressure in a system in one step, are called 
Single-stage pressure regulators. These regulators are ideal for not high pressure 
reductions. In this situtations the pressure variation when the pressure regulation 
system works is not very big. Furthermore, in situations is used also another pressure 
control downstream is also appropriate. However keep in mind that Single stage 
pressure regulators are not cope well, with big alterations in input flow or  pressure.   
The biggest drawback of this kind of regulators is that when the pressure falls low 
enough in the input, the pressure of the exit will be also increased.  The equilibrium of 
forces inside the regulator changes and this affects the valve and makes it change its 
position. Thus the reason that this phenomenon is occurred is because the appreciable 
droop of this kind of pressure regulators.    
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3.3   Two-Stage Regulator 
In applications where the single stage regulators cannot outcome the desired 
result and are not so appropriate the two stage regulators are the solution. In fact they 
are two single stage regulators in one. The difference is that now the pressure is 
reduced in wo different satges to achieve the dessired exit pressure. This benefit 
makes this kind of reguloators appropriate for large alterations in the flow rate or 
presure of the input, as well as, not stable and decreasing input pressure. This makes it 
ideal for systems that is supplied from gas cylinders with small storage. (I. Fletcher, C. 
S. Cox, W. J. B. Arden and A. Doonan, 1996). 
In this kind of regulators the second stage is not affected from these great fluc-
tuations of input pressure. The inlet pressure in this case is the depreciated exit pres-
sure that comes from the first stage of the regulator. This design has a a result a 
‘’filtered’’ from fluctuations final exit pressure, that stands out from the result of a sin-
gle stage regulator. 
 
Pros 
 • The use of two pressure regulators in-line has thus a more stable exit pressure. 
• Inlet pressure is reduced in the first stage. Then the outcome pressure is reduced to 
the regulatable exit pressure that is desired.  
• Minimizes the effect of the reduced inlet characteristic  
  
Cons 
• More expensive to manufacture  
• This type of regulators is bigger than single stage   
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4.  Research in Pressure Regulators 
There is no much information published about Pressure Regulators, because of disqui-
et for leakage of proprietary knowledge. However, there are some significant pub-
lished studies that were considered for this project. 
Naci Zafera, Greg R. Luecke studied about the Stability of gas pressure regulators. The 
research of this study deals with the consolidation of a concrete implementation of 
pressure reducer system. In the research is presented the reason of the palpitation in 
regulators and possible design amendments that expunge the not steady throb modes. 
For this reason, a dynamic mathematical formula is used to prescribe the flow state of 
a typical pressure regulator. Then this mathematical model was used to examine the 
reaction of the model in different important aspects.  
Tomonori Kato et al, researched a pressure regulator with high accuracy with quick 
response in pressure fluctuations. This has thus an effective adjustment of pneumatic 
palpitation isolation tables. The total assembly is composed of an adiabatic chamber, a 
servo valve, a transducer for the differential of pressure (PD), an immediate feedback 
laminar flow sensor (QFS). The total regulator’s assembly was designed by the authors 
of the research. The greatest characteristic is the almost zero changes of pressure in 
the chamber that was detected by the transducer and according them changes the po-
sition of the servo valve, to preserve the initial pressure. 
Kakulka et al also made a great research about pressure regulators. In the research a 
pressure regulator that has a piston as a sensing mechanism was examined. The sens-
ing mechanism consisted of a conical poppet piston-valve that adjusts the flow of the 
mean. The study deals with the energetic results of limitative orifices and the up-
stream and downstream areas of the regulator. However, the friction and pendulous-
ness effects inside the areas of the body of the regulator, were not took into account 
in the study. 
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A mathematic model was published by B.G. Liptak. The formula deals with for the 
changes in the exit pressure by create fluctuates in the supplied flow.  The conclusion 
of the study shows that any decrease in the fluctuations of the pressure abridges the 
consistency of the output of the regulator. This has as result, a regulator that makes a 
lot of noise when it works with oscillatory pressure cycling. For stabilization, he tries to 
use a larger downstream pipe. Another important conclusion of this study is that the 
noise could be eliminated by expunging fluctuations of the flow routes and keeping the 
flow of the mean at speeds that not exceed supersonic speed. 
 
5.   Selecting and Sizing Pressure Reducing Regulators 
When a research and development engineer tries to deal with regulator design are he 
will end up overwhelmed by the amount of different types of regulators in the market. 
This became more difficult when starts to deepen the research into the huge specifica-
tion lists of specifications that manufacturers give. 
The following general calculation guidelines are useful in order to choose a regulator 
that match in each occasion and does the job that is intended to do, well. 
(www.instrumentsandcontrol.net).  
 
5.1   General Sizing Guidelines 
In order to calculate and design the correct parameters for a new regulator the follow-
ing information is needed (A. Krigman, 1984): 
 
a)  Body Size  
One important principle is that the Regulator’s body size should be smaller than the 
pipe size. However, a properly sized regulator may be smaller than the pipeline.  
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b)  Structure 
It is important that the regulator is built by materials that are compatible with the 
mean and the developed temperatures. Also, be sure that the regulator is available 
with the desired end connections for inlet and outlet, as well as, connections for ma-
nometers and transducers.  
c)  Pressure Ranges  
The designer should pay particular attention to the maximum inlet and outlet pressure 
ratings for failure possibility that could cause explosion.  
 
d)  Capable springs for the Outlet Pressure  
In selection of springs with different length ranges, for the desired pressure setting, it 
is advised to use the spring with the smaller range for the best possible precision.  
 
e)  Precision 
 The desirable precision should be examined. Precision in general expressed as droop, 
the difference of the outlet pressure in low flow rates from the outlet pressure in the 
desired flow rate. Droop is also called offset or proportional band.  
 
f)  Inlput Pressure measurement  
The inlet pressure must be measured before the regulator inlet. If the transducer or 
the manometer is at any distance after the inlet of the regulator, line loss can signifi-
cantly reduce the actual inlet pressure to the regulator. If the regulator inlet pressure 
is given as a system pressure upstream, some compensation should be considered.  
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g)  The diameter of the orifice 
The recommended diameter of the orifice is the narrower that can cope well with the 
flow. The advantages of this selection are: The lockup pressures will be eliminated. 
Low stability and wear might be avoided.  
 
h)  Open-Close Ratio  
The soft-screwed regulators retains pressure down to zero flow. For this reason a regu-
lator that is designed for a high flow rate will usually have a turndown ratio enough to 
handle high loads in case of low demand. 
  
5.2   Sizing Equations 
In this subchapter will be mentioned the sizing equations that are useful when sizing 
pressure regulators and relief valves.  
This thesis will focus on sizing for gases so there will be reference of the calculations 
that are made  for regulators for gases (M.H. Aksel, O.C. Eralp, 1994). 
The main difference is that gases are compressible in comparison with the liquids and 
the density of gases changes with pressure. Thus, sizing for gases is not similar with the 
sizing for liquids (www.hayward-pool.com).  
 
Orifices 
Firstly, will be presented the methodology of designing the orifices. There are two ori-
fices (holes) in a regulator which need to be looked at: The internal orifice and the out-
let orifice. 
The Conservation of Mass law says that every time the flow passes through an orifice 
into a lower pressure environment, the velocity increases because the mean flows 
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through this restriction. Simultaneously, the pressure drops. When the pressure drops 
that much, where the P1 = 1.7 - 1.9 x P2 or more, the velocity begins to be sonic and a 
choked flow is generated (critical flow). The limit that a choked flow puts, is that by 
increasing the pressure, the flow cannot be increased. In addition, when the pressure 
drop is high, the seat flow depends on the inlet pressure and not on the outlet pres-
sure and this happens because gas cannot achieve a velocity greater than sonic.  
When outlet pressure is more than the half of the inlet pressure, the flow through the 
seat is restricted by the high outlet pressure, we have a non-critical flow. In this situa-
tions there is a need to apply the correction factor (Y). In addition, it could be used the 
seat sizing mathematical model to calculate the highest flow in any pressure regulator.  
Then will be examined the calculations for the internal poppet orifice area. That is the 
flow area that is covered by the poppet when it is wide opened. 
The formula that will be presented next are used to determine the flow of air. For oth-
er gases must be used different correction factors.  
Bellow, is found the formula to calculate the internal poppet seat area.  
0.33 x A1 x P1 = Q1 (does not apply to regulators with filters).  
A1 = seat orifice area (mm² )   
P1 = input pressure (bar)  
Q1 = maximum flow of air (Nm³/hour)  
 
Below are mentioned the corrections for other gases. 
To use this to the previous equation just multiply the max flow of the air on the seat 
area (Q1) by the factors that are located bellow, in order to determine the desired gas 
flow. 
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In non-critical flow, because of the small pressure differential, there is a need for  a 
wider seat orifice area to pass a flow. Bellow, is presented the correction factor for dif-
ferent fractions of outlet pressure (P2) and inlet pressure (P1).  
 
Table 5.1   Correction factor Y 
  
 
 
 
 
 
Maximum flow 
The maximum flow through a regulator can be found by using either the previous 
mentioned formula or the Nomo-graph.  
For a critical flow, (P1 = 2 x P2 at least), the flow that is located on the Nomo graph is 
the maximum flow with the poppet is completely wide-open. Smaller differential pres-
sures can be also found through the Nomo graph. However, it is very important at this 
point to mention that the Nomo graph is not useful to determine the precision of the 
values. 
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The outlet orifice 
 In this paragraph, will be presented the way to calculate the outlet orifice of a regula-
tor. Firstly, it is well known that whatever quantity will be feed as inlet through the in-
let orifice will come out of the regulator. This is already known from the law of conser-
vation of energy. The important thing nevertheless, is the form of energy that comes 
out of the regulator. 
 The desired result will be controlled exit pressure with minimum droop.  
To calculate the area of the outlet area it is used the below formula. It is obvious that 
the formula changes depending on the velocity inside the piping. 
0,10 x A2 x P2 = Q2 (assuming a velocity in the downstream piping of 30 M/sec.) 
0,18 x A2 x P2 = Q2 (assuming a velocity in the downstream piping of 50 M/sec.) 
0,30 x A2 x P2 = Q2 (assuming a velocity in the downstream piping of 75 M/sec.) 
A2 = outlet port area in mm²                        P2 = outlet pressure in bar abs 
Q2 = flow of air in Nm³/hour through the outlet port area at the selected velocity. 
In general, sizing a regulator is based on the largest possible flow and the smallest ΔP.  
 
6.   Presentation of the developed concept 
In this chapter, will be presented the developed concept of the pressure regulator. The 
pressure regulator that were developed will be used in medical gas networks and the 
mean will be oxygen. More specifically, oxygen is produced in oxygen-generators in 
high pressure in the warehouses of the hospitals (~ 200 bar). So that the oxygen has 
enough pressure to be spread in the whole hospital. However, the oxygen’s pressure 
must be reduced in order to be used by the patients. Thus the oxygen must pass 
through oxygen regulators to drop the pressure to 8-10 bar. 
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Pressure regulator has been designed according to ISO: 9001 – ISO: 13485 for medical 
gas systems components.  
Taking into consideration the design guidelines that presented in the previous chap-
ters, in this chapter will be presented the developed concept of the pressure regulator. 
The developed model had to meet with some basic important requirements.  
- Mean: O2 gas 
- Inlet pressure 200 bar -> Outlet pressure 10 bar 
- Maximum flow at 200 bar -> 110m3/h 
 
Below is presented the pressure regulator that was developed with explanation of the 
important spots. For better view of the internal design of the pressure reducer will be 
used 2 intersections. 
 
 
 
 
 
 
 
 
 
 
Picture 6.1   Intersections of the pressure reducer 
33 
 
1: The Loading Mechanism. 
The loading mechanism that was chosen to control the outlet pressure of the regula-
tor, is a spring-load mechanism. The spring is controlled by a plastic spigot on the top 
of the dome of the regulator. This kind of mechanism was chosen because after mar-
ket research was proved the most common loading mechanism for its simplicity and its 
low cost. In the dome designed a small hole for extra safety, in case that high pressure 
goes accidentally to low pressure chamber and brakes the diaphragm. 
 
2: The sensing element. 
The sensing element will be a diaphragm from elastomer material (Ethylene Propyl-
ene) for sensitivity to pressure changes, simplicity and low cost. 
 
3.  The control element 
The control element that it was developed is hybrid. It is more like the unbalanced 
control element for low cost and simplicity. However, an overpressure protection sys-
tem was developed to avoid the possibility of overpressure of the inlet pressure cham-
ber. For this reason, a tiny hole was designed in the bottom of the PR. 
How it works: If the pressure is that much, this will cause to the poppet to fracture the 
orifice. By this movement of the poppet the down exit is released, and the compressed 
gas is going out to avoid failure of the PR.      
 
4. Safety Valve 
A safety valve has been also designed in the pressure regulator. If for some reason the 
high-pressure passes from the high pressure chamber to the low pressure chamber the 
spring of the valve is compressed in order to relief the extra pressure and protects the 
regulator from possible failure.  
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5. Slots for manometers and transducers 
 
7.   Design Simulation 
7.1   Static analysis 
The static analysis was made with the software Solidworks from Dassault Sys-
temes. For the static analysis tested the internal chamber of the body of the regulator 
that is set on high pressure. The static analysis in this case will show if the regulator 
can stand on 300 bar of gas pressure.  
The maximum pressure that is supposed to be applied in the regulator is 200 
bar. Although for safety reasons the regulator will be tested on 300 bar. 
In addition will be not fast fluctuations of gas pressure inside the regulator, be-
cause the regulator will be feed by the oxygen generator with standard pressure. For 
this reason, the analysis will be made will be static and not dynamic (fatigue for exam-
ple). 
Below is presented the model and the parameters of the study 
First of all is shown some model information.  
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Picture 7.1   Model Information 
 
 
 
 
 
 
 
 
Picture 7.2    Study properties 
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Picture 7.3   Units 
 
The material of the regulator body is from brass and bellow can be found some 
of the properties of this material. 
 
 
 
 
 
 
Picture 7.4   Material Properties 
 
In the next table are shown the fixed spots of the regulator, as well as, the loads that 
will be applied for the study. The fixed spots are the inlet and outlet orifices (Fixed-1, 
Picture 7.5) and the holes for the screws (Fixed-2, Picture 7.5). For this study the most 
important load is the high pressure of the oxygen inside the input chamber and the 
pressure is set to 300 bars for this test. This is 50% more than the working pressure.  
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Picture 7.5   Loads and Fixtures 
 
 
Then follows some information about the Mesh of the model. It consists of 4 Jacobian 
points and the Mesh quality was set to high for more acurate analysis. For this test 
were used 21747 nodes. 
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Picture 7.6   Mesh information 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 7.6   Mesh information – Details 
 
The test run successfully and the results of the study, came up without any issues.  
First of all are presented the Stress results. There can be found the maximum and the 
minimum value. The maximum value is near the inlet hole. This is natural because of 
the stress accumulation near edges and holes. However, the maximum value is way 
lower than the maximum Yield strength of the material. That can be also approved by 
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the Factor of Safety results that follows. Even that the study made for 300bar of pres-
sure for safety reasons, the results are sufficient.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 7.7   Stress results 
 
The displacement results are also very good. The displacement simply is so tiny 
that is not constitutes a problem.  
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Picture 7.8   Displacement results 
 
The strain results come to confirm the previous outcomes. The maximum strain 
is so small that is not a problem. 
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Picture 7.9   Strain results 
 
Factor of safety (FoS), is used to delineate the durability of an object when the working 
loads are exceeded. Actually, the factor of safety shows how the object copes with un-
usual high loads. The applied pressure in the study was already higher than the pres-
sure will be actually applied in the regulator’s high pressure chamber. Although, the 
Factor of Safety is measured for the already higher test pressure, the result is accepta-
ble 
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Picture 7.10   Factor of safety 
 
7.2   Flow simulation 
Subsequently are presented the pressure regulator’s flow simulation results. The flow 
simulation analysis will be held again in Solidworks’ platform. In this case the analysis 
will be made in the total assembly. The reason is that in flow analysis the internal 
components have a significant importance on the result. The flow analysis will be used 
to analyze some flow characteristics inside the regulator and in its outlet.  
For the flow simulation study, the pressure regulator measured with the valve fully 
opened in order to see the maximum outlet flow rate through the designed orifices. In 
addition will be observed the flow lines inside the regulator with graphical visualiza-
tion.   
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First of all was set up the initial conditions in the inlet boundary. In the Picture and the 
Table below are shown the inlet characteristics: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture   7.11   Inlet boundary (inlet orifice)  
 
Table 7.1   Inlet boundary 
Type Environment Pressure 
Faces Inlet orifice  
Coordinate system Face Coordinate System 
Reference axis X 
Thermodynamic parameters Environment pressure: 2.00e+007 Pa (200 bar) 
Temperature: 293.20 K 
Turbulence parameters Boundary layer parameters 
Boundary layer type: Turbulent 
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Later was set up the outlet boundary conditions. These are presented in the Picture 
and Table below. The outlet boundary is actually the outlet orifice of the regulator 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 7.12   Outlet boundary (outlet orifice) 
 
Table 7.2   Outlet boundary 
Type Environment Pressure 
Faces Outlet orifice 
Coordinate system Face Coordinate System 
Reference axis X 
Thermodynamic parameters Environment pressure: 100000.00 Pa 
Temperature: 293.20 K 
Turbulence parameters Boundary layer parameters 
Boundary layer type: Turbulent 
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Later were determined the Goals of the study. The goals are: 
- Average flowrate in the outlet 
- Average outlet total pressure 
       - Average temperature in the decompression chamber 
After the registration of these input data. A high precision Mesh was generated and 
the RUN button pushed in order to begin the analysis.  
When the calculations were finished, a Warning appeared in the screen that the Max-
imum Mach number exceeded. However, this was an expected result because for Pres-
sure drop P1>>2P2 the flow became supersonic. 
Then follows the result Table that shown pretty expected results for the tested goals. 
 
Table 7.3   Goals’ results 
Goal Name Unit Value Av Value Min Value Max Value 
Volume Flow Rate  [m^3/s] -0,02 -0,02 -0,02 -0,02 
Av Total Pressure  [Pa] 1042610,71 1067482,10 958725,13 1155812,86 
Av Temperature (Fluid)  [K] 239,15 236,77 231,99 240,43 
 
 
First of all is presented in the picture bellow, the route of the O2 particles inside the 
regulator by visualizing the flow trajectories. 
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Picture 7.13 Flow Trajectories 
 
The pressure remains high in the high-pressure chamber and then passes through the 
control element that decreases the pressure with an adiabatic process. Then the O2 
expands in the low-pressure chamber that remains low until the gas exits the regula-
tor.  
Later in Picture 7.14 is presented the temperature distribution inside the Pressure 
Regulator.  
- The temperature is environmental when the Oxygen inserts the regulator.  
- In the spot that the oxygen flow is strangled there is a little temperature increase be-
cause of the accumulation of frictions in that spot.  
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Later the temperature decrease rapidly because of adiabatic expansion of the oxygen. 
More specific the oxygen loοse its pressure so quick and this has thus a temperature 
decrease in the spot.  
The lowest temperature is in the area that the pressure drop take place and it is about 
217 K. This means that the pressure reducer is frozen in the middle and this is some-
thing normal due to adiabatic decompression. The highest temperature is about 294 K. 
This is a room temperature without something extraordinary. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Picture 7.14   Temperature distribution 
Pressure drop area 
Focus on pressure-drop area 
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Furthermore, in Picture 7.15 is presented the Cut Plot of the pressure distribution. The 
depicted result is very normal. The oxygen enters the pressure regulator in high pres-
sure 200 bar. Pressure drop is occurred in the pressure reduction area. The oxygen ex-
its the regulator in 10 bar pressure. The Focused pressure-drop area is the most im-
portant area of the pressure regulator as the complicated pressure distribution that is 
depicted in Picture 7.13 can vary, per the design of the orifices there. This could be in-
teresting to investigate in a future research with a design optimization process. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Picture 7.15   Pressure distribution 
Pressure drop area 
Focus on pressure-drop area 
49 
 
8.   Real Time Tests 
After the sufficient results of the static analysis and the flow simulation analysis a pro-
totype of the regulator constructed in order to do some real-time tests. The prototype 
made in a mechanical workshop and the material was brass as it was scheduled.  
In addition to the brass parts, were also purchased the non-metallic parts, such the o-
rings, the membrane of the sensing element, the Teflon cover from the shutter, etc. 
Once the prototype’s parts were made, every part was assembled to compile the final 
assembly.  
The result was very satisfying and every component seemed to fit perfectly with the 
others as it should be (Picture 8 .1). But to tell if it was good or not some tests had to 
take place. 
The test that took place were 3: 
a) Hydrostatic test 
b) Pressure reduce Test 
c) Flow rate test   
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Picture 8.1   The prototype of the final concept 
 
8.1    Hydrostatic Test 
The first test was the ‘’Hydrostatic test’’. This test is used to test the maximum durabil-
ity in vessels that contains gas that is in high pressure. The procedure of the test starts 
by connecting the vessels or the pipe system with a compressor that works with a liq-
uid mean (ordinarily water). Then the vessel is stuffing with the liquid. Later the com-
pressor starts to grow up the pressure inside the vessel and it continues until the de-
sired maximum test pressure is achieved. The loss of the pressure is tested by closing 
the supply valve and discerning if there is any pressure drop by using a manometer. To 
measure the maximum strength of the system usually is measured the permanent de-
formation of the vessel or pipe system in specific load (pressure). This kind of testing is 
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used commonly for testing pipes and high-pressure vessels as the liquid mean does not 
cause explosions in contrast with the high-pressured gas. In addition, it helps preserv-
ing the safety restrictions and endurance of the pipe-system or vessel. 
 
Experimental procedure 
Firstly, the inlet of the pressure regulator (Device Under Test = DUT) connected with 
the Water-compressor. The compressor was an Enerpac Multifluid Hand Pump and it 
was manual (was worked by the hand), had a maximum capability of 500 bars and as 
mean was used water.  All the other openings of the DUT were sealed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 8.2   Hydrostatic test experimental setup 
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The DUT filled up with water until 300 bar in order to make a tensile endurance test. 
The result was as expected.  
The hydrostatic test took place inside the high pressure chamber of the regulator. To 
manage this, the loading mechanism adjusted to zero load. By doing this, the shutter 
of the regulator was closed and so was the high pressure chamber of the regulator.  
After this step the pressure regulator connected to the water compressor in the inlet 
of the regulator. Then manually started the pressure increase. At about 300 bar the 
regulator was left for about 24 hours. No leakages were observed, neither cracks or 
failures. This definitely was a good sign.  
After this static stress test followed the Pressure Reduce Test. 
 
8.2   Pressure Reduce Test 
The pressure reduce test took place with air instead of water. For the pressure reduce 
test the pressure regulator connected to the oxygen generator and the outlet of the 
pressure regulator connected to another pressure regulator that had as inlet pressure 
(~ 8 bar) and as outlet pressure 4 bar. In order to prevent overpressure in exit of air in 
the outlet of the tested regulator. 
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Picture 8.3   Pressure-reduce test set-up 
 
Before the air entered the pressure regulator passed through a manometer in order to 
control the pressure of the inlet. 
On the body of regulator was connected a digital manometer (transducer). The trans-
ducer was from Kavlico, Type P1E and with Range 0-16 bar. The transducer connected 
in the low pressure chamber in order to see which is the pressure of the air inside the 
low pressure chamber, as well as, the pressure in the exit of the regulator. 
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Experimental procedure 
First the regulator tested with the spigot of the loading mechanism completely open 
(no load from the spring). Then the pressure of the inlet increased progressively 
through the manometer from 0 to 200 bars. As the pressure increased there was 0 bar 
of air pressure in the outlet (low pressure) chamber. This meant that the shutter was 
designed well in terms of impermeability. 
For the second part of the test, the upper spigot was turned a little in order to put a 
load to the upper spring. After that, the pressure of the inlet was increased progres-
sively from 0 bar until 200 bars. In approximately 200 bars of pressure the spigot was 
adjusted properly and the outlet pressure was managed to be controlled in about 8 
bars. Then the upper spigot turned a little more in order to put more load to the shut-
ter and make the orifice in pressure reduce area wider. By doing this a pressure of 10 
bar in the outlet achieved and so the pressure reduction test passed with success.   
 
8.3   Flow rate test  
The last test was about the real flowrate of the regulator. After the pressure reduce 
capability of the regulator the most important aspect is the flow rate capability to feed 
the system. 
Flowrate test is the measuring the speed of the fluid motion. The fluid actuation can be 
determined by using many different test setups. One of these are Positive-
displacement flow meters that measure the flow by conglomerating a standard volume 
of liquid and then numbering the times the volume is filled. Another way to determine 
the flow is to depend on forces that are generated by the flow dispersion as it quells an 
already acquainted narrowing, to reckoning flow implicitly. Flow also can be deter-
mined by gauge the speed of the fluid through an acquainted surface. 
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For this test were uses an analogue manometer 0-10 bar to determine the outlet pres-
sure and an analogue flowmeter from Asa calibrated to measure the flow of air and 
oxygen in 10 bars (capacity 0-110 m3/h). 
The regulator connected to the air generator in its inlet and to the flowmeter in the 
outlet. This time the regulator pressed until to see 10 bars in the outlet with the shut-
ter fully opened, just to see the maximum flow rate of the air in the exit when the out-
let pressure is 10 bars. 
The maximum flowrate was 102 m3/h and this was a very satisfying result.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 8.4   Flowrate test set-up 
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8.4   Real-time VS Simulation results 
All in all, the results of the simulation analysis were proved correct. The technical 
means that were used for the real time test maybe were not that accurate because of 
the lack of technological equipment. However, the real-time testing gave some very 
important conclusions, which proved to be identical with these of the simulation anal-
ysis. 
The static analysis in the simulator show that the main body of the regulator can en-
dure 300 bar of pressure without a problem. Identically the Hydrostatic test show that 
the pressure regulator can handle the 300 bar of pressure without any distortion or 
failure of the main body. This result proves that the pressure regulator can be used 
with safety in high pressure until 300 bar.  
Furthermore, the flow of the regulator measured in the simulation software almost 
100 m3/h. Respectively, the flow rate in the outlet of the regulator measured 102 
m3/h with the analog flow meter. Thus in this case also seems that the results of the 
simulation and the real-time test are identical. 
 
9.    Conclusions 
Static Analysis simulation conclusions 
The static analysis gave overall an expected result. The chamber of high pressure with-
stood 1.5 times the high pressure that will feed the pressure regulator with great suc-
cess. The maximum tensile strength that applied in the chamber was 1.17·108 when 
the maximum Yield strength of the material is 2 times bigger (2.4·108). The displace-
ment was also very small and only 8.8·10-3 mm.  The good results can be proved also 
by the factor of safety and its very small value.   
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Flow simulation conclusions 
The flow simulation analysis gave very important information for the project. The Pres-
sure Regulator tested with all of its components for a more realistic simulation with 
more accurate results, close to reality. The pressure regulator seems to be capable to 
feed the secondary system with about 100m3/h volumetric flow with the shutter fully 
opened which is a very satisfying flow rate for medical uses and a bit more than the 
oxygen pressure regulators on the market. The lowest temperature is about 210 K, 
quite cold, but normal because of the adiabatic expansion that take place inside the 
pressure drop area. Furthermore, the flow diagrams show how the oxygen is diffused 
inside the regulator and this gives to the reader a more realistic and comprehensible 
view of how a pressure regulator works. 
 
Real Time test Conclusions 
The first prototype of the regulator was made and tested with great success. All the 
components seemed to fit together well. Furthermore, the tests also show satisfactory 
results. 
The real prototype of the pressure regulator gave overall very good results in the pres-
sure tests that took place.  
The first test was about endurance of the high pressure chamber in 300 bars and it was 
successfully passed.  The body of the regulator endured the 300 bar of pressure with-
out any failure. It is important to mention that the test made with high pressure water. 
In case that the mean was gas, in case of failure, could be happen explosion of the 
pressure regulator that could cause serious injure. 
Next it was the pressure reduce test that lead to the conclusion that the pressure drop 
mechanism was well designed. The regulator was capable of reducing the pressure 
from 200 to 10 bar. 
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The same success had the test of the flowrate that gave 100m3/h of gas that means a 
very effective Pressure Regulator. In this test the regulator tested with the valve fully 
opened to see if the openings of the regulator were enough to give high flowrates. 
 
Simulation VS Real Life 
In all different tests that took place in this research, the simulation’s results agree with 
the results of the real time tests. This is a very important conclusion because it proves 
that the simulation programs nowadays are quite accurate and the engineers can trust 
them in conceptual design procedure of a product.   
 
Future Work 
The Flow simulation analysis show a complicated flow distribution of the flow inside 
the pressure regulator. By doing some off the record changes was ascertained that this 
distribution changes by change the shape of the internal orifices. In feature work will 
be interesting to investigate how this changes affects important characteristics of the 
regulator such as the stability of the regulator is pressure changes and the external 
flowrate. 
The pressure regulator has to be tested by a certification agency for certification be-
fore goes in to a production line and used for medical uses. The test will take place in 
controlled chambers for high pressure protection. This is very important first because 
inside this component applied very high pressures of a gas (oxygen), this means an ex-
plosion in case of failure. The second one is because it will be used for medical use by 
patients were the health standards are very high. 
After the pressure will be tasted by the certification agency, changes may will take 
place in order to end up to the final product.  
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